Characterization of a calcium-modulated adenylate cyclase from abalone spermatozoa.
Abalone spermatozoa contain a particulate adenylate cyclase that displays maximal catalytic activity when Mn2+ is present as a metal cofactor in excess of ATP. Unlike other sperm adenylate cyclases, the abalone enzyme displays a high Mg2+-supported catalytic activity (Mg2+/Mn2+ activity ratio = 0.8). Kinetics analyses demonstrate that the enzyme contains both a MgATP catalytic site and a separate Mg2+ regulatory site. Mg2+-supported enzyme activity, however, is not stimulated by guanine nucleotides, NaF, cholera toxin, forskolin, or a variety of hormones. The enzyme from unfractionated sperm homogenates is inhibited by added Ca2+ in a concentration-dependent manner, when EGTA is not present in the assay. Methylxanthines, such as 1-methyl-3-isobutylxanthine and theophylline, also inhibit enzyme activity in a concentration-dependent manner through a noncompetitive mechanism. On the other hand, when intact cells are preincubated with Ca2+ prior to breakage and assayed for enzyme activity, Ca2+ stimulates enzyme activity at low concentrations. Enzyme activity of intact sperm preincubated with methylxanthines, in either the absence or presence of added Ca2+, is also stimulated. This effect is expressed via an effect on the velocity of the enzyme. A-23187 has similar stimulatory effects on the enzyme under these conditions. These data provide further support for the role of Ca2+ conductance in modulating sperm adenylate cyclase activity. The abalone sperm enzyme also appears to have regulatory properties that are unique among other sperm types.